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I. INTRODUCTION

Advanced communication satellite studies 23 periormed by STL for
NASA indicale the need to extend transponder bandwidth capabilities in
order to obtain the optimum balance between information rate, bandwidih
and reasonable satellite output power.

Present satellite transponder configuratioms for RELAY, SYNCOM and
TZLSTAR use some form of a basic superhetrodyne receiver followsd by a
fraquency upconverter and a traveling wave tube (TWT) power amplifier.

The majority of the amplification takes place at some low intermsdiate
frequency. While this technique has the advantage of being well within
the "stete-of-the~art", it has several disadvantages for fucure advanced
commnication setellites. The two most prominent disadvantages of present
configurations are:

1, Such systems presently appoar to be bandwidth limited to
40 or 50 me.

2. Spurious responses inherent with the use frequency conversion
and multiplication equipment introduce a definite problem vhen
more than one widebard chammel is envisioned.

It is the objective of this program to investigate a more sdvanced
communication setéllite tramsponder which will teke advantage of RF smpli-
fication at or near the received or the transmitted frequency. This will
be accomplished by utlizing a TWT in a reentrent zcds, coupied with a low
nolse front end and & possible output power smplifier.

wle



II. TECHNICAL MEETINGS

Two technical meetings were held during this period. The first was held
at STL on 12 through 14 Pebruary 1964 between technical personnel of NASA and
STL. During the course of the meeting, the following personswere present:

W, Allen NASA
S. McCaskey STL
M. Davis STL
R. Cegnon STL
R. Boe STL

The present status of the project was discussed as well as the course to
be teken for future development,

The hardware effort in progress was shown which included the re-entrant
amplifier portion of the transponder with the feedback loop closed, as well
as the developmentel laboratory area for the loop down-converter.

During the course of the meeting, the re-entrant loop was demonstrated with
a wide band {16mc) M television signal. This was accompiished by up-converting
e 120 me carrier to 6 gc and down-converting the U gc output signal. Tie base-
band equipment used is similar to that used for RELAY system tests.

In addition t¢ hardware considerations, the analytical aspects of the project
vere discussed. Further, the Hughes H-384 TWT, which may be evaeilable as govern-
ment furnished equipment, was thoroughly discussed.

The second meeting was held at STL on 19 March 1964 between technical personnel
of NASA and STL. During the course of the meeting, the following persons were

precent:

W. Allen NASA
S. McCaskey 8TL
M. Davis STL
R. Cagnon STL
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1.

the items covered, the following were of particular interest:

The present status of the loop dowu converter wes discussed in detail
as well as the course to be taken for future development.

The tunnel diode pre-amplifier characteristics were discussed with
emphasis on rationale behind the selection.

The 38LH and associated power supply, which will be used as the power
amplifier, was discussed with emphasis on schedule., Mr. Allen stated that
release to STL by 1 May would be feasible.

It was determined that Figure 3-2l of the Second Quarterly Report contained
a8 calibration error and this curve is to be considered void.
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III. INTERMODULATION DISTORTION ANALYSIS

Consider an input signal to the TWT consisting of two angle modulated

carriers,
V.(t) = Acos [wlt + ¢{1 + al] + B cos [mzt + ;52(1;) + az] (1)

where A, B, wg and w, are constants, oy and a, are random variables, uniformly

2
distributed from -m to 7, and gfl(t) and dz(t) are sample functions of two
independent wide-sense stationary Gaussian random processes having zero

means. In particular "l(t) and ¢{2(t) are taken to r’epresent 300 channel

'FDM signals. This input may be considered as a two access gystem

where each access consists of 300 telephone channels in frequency division
multiplex. When such an input signal is amplified by the nonlinear
characteristic of the TWT third and higher order intermodulation products

are created which interfere with the desired carriers.

The effective noise caused by this interference, as seen at the received
vaseband, is expressed by the amount of psophometrically weighted noise
present in any telephoi:e channel due to the interference. The intermodu=-
lation noise due to the third order product nearest the desired carrier

is given by*

2
N W £, 2 %- x 1012 I IR
pw  |{140.25 =B 2 - '
to fdrm\sE 45" 1:,eq f\:lrmfs_l 12 Peqf drmsg” | (2)
where
N w > psophometrically weighted noise in the telephone channel
P located at frequency {
f, = highest baseband frequency = 1.3 Mc for 300 chaunels

\}

“The derivation of this equation is rather lengthy and will be presented in
a later report. A portion of the derivation is presented in Appendix A
which derives a procedure for determining the baseband interference
spectrum.

wlim
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frequency deviation of carrier by an 800 cps teet tone of
0 dbm0 power level

(@]
™
>~
™~
}

= power of third order product relative to the power of the
desired carrier
1 = pre-emphasis improvement factor

= 2.86 for 300 channels and 6 db per octave pre~emphasis

Peq = equivalent noise power representing a multichannel FDM

signal
= =15 4+ 10 1ogw (NC), dbm0 Nc > 240 channels

Af = frequency separation of third order product and desired
carrier

Substituting the appropriate constants for 300 channels, Equation (2)

becomes
 nd
2 2
N =27.2x 10° %&- exp —-:—(f—-:-%-g—— , pw (psoph) (3)
p 114€ ¢
drms drm

If the separa.ion of the two carriers in the input signal is 25 Mc,
Af for the closest third=order product is also 25 Mc. Under these
conditions the worst channel is the top channel located at 1.3 Mc.
Figure 3-1 plots Equation (3) for this case with idrms as a parameter.
Equation (3) is valid for both third order products; hcwever, the product
located at f = 50 Mc is negligible, Figure 3-1 indicates that the amount
of noise in the top channel due to third vrder interference with the
original carriers is very small for reasonable intermodulation product
levels unless the deviations are extremely high. For example, if the
two input carriere each had a power of (Ps - 10), Figure 3-18 of the
Second Qua. terly Report shows the worst third order product to be down
28.5 db from the desired output tones for the MEC M5184 tube, From
Figure 3-1 this corresponds tol4 pw of noise in the top or worst channel
for a test tone deviation of 2 Mc.
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Now suppose that a third carrier is present at the input with
3 Z-fizn'Zflnt"2
product of £, and fz falls at the carrier frequency f3. This would be

frequency f, equal to 2f ; i.e., such that a third order
the situation for the assumed frequency assignments (Figure 3-2) if

f1 and fZ were separated by 50 Mc, 100 Mc, etc. This situation may be
considered to be a worst case for interference. In this case, the noise in
a telephone channel due to interference at £3 by a third order product

(of fl and fz) may be found by setting Af = 0 in Equation (3). The worst
channel is now the lowest channel at f = 60 kc. Figure 3-3 is a piot of

Equation (3) for this case with fdrms a'gain a parameter,

The value of f'drms is normally chosen to achieve some specified
thermal noise performance for the system; values used in Figures 3-1 and

3«3 correspond to the following qualities at receiver threshold, 2

fdrms(Mc) Thermal noise in top channel
0.200 380,000 pw
0.455 50,000 pw
0.674 18,750 pw
0.972 7,500 pw
2.00 1,230 pw

Thus, it may be seen from Figure 3-3 that the intermodulation noise
due to a single third order product falling at a desired carrier frequency
is small compared to the thermal noise agssuming that pre-emphasis
equalizes the thermal noise in all channels. However, a number of
carriers at the input {(up to 20 for the assumed frequency assignments)
may produce several such products and the sum of the resulting inter-

modulation noises may not be negligible,
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IV. RE-ENTRANT TRANSPONDER

The initial effort during this period was directed towards closing the
re~-entrant amplifier loop to verify the stability design criterie and to
proceed with the loop amplifier evaluation. The loop components to be used
in the final deliverabie transponder were simulated with standard laboratory
equipment to verify the integrity of each individusl component specification
prior to any firancial commitment.

The major problem area during this period has been the progress of the
down-converter development. The following section of this report las been
devoted to the down-converter due to its unique requirements and importance
to this progranm,

All other major items,which have been on order,are due during the month
of May.,

The re-entrant loop amplifier was closed during this period using the
equipment shown in Figure 4-1. In this case, the diplexer was simulated by
using high directivity coaxial couplers hetween filter junctions. An addition-
el TWT amplifier was inserted in the feedback loop to simulate a no-loss loop
to determine the loop stebility under closed loop conditions.

The dcwn-converter used for this test was of the varac.or type but with
poor bandwidth characteristics. By increasing the gain of the additional
loop TWT however, the full 500 Me¢ bandwidth was simulated to determine the
loop stability.

The test results showed a re-entrant emplifier gain of 72 db with a single
frequency loop attenuation greater than 45 db, which is adequate to negate the
possibility of oscillations.

«10=
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The re-entrant amplifier was alsc demonstrated using the equipmens
shown in FMgvre L2,

The 120 Mc carrier is upconverted by the first mixer and the triple-
stub tuner serves as a narrow band filter which allows only one sideband to
pass. The modulated carr.er is then transmitted through the re-entrant loop
smplifier and the resultant 4 ge signal is down-converted to 120 Mc and fed
to the STL phase lock demodulator. The video is then fed to one side of the
split screen TV monitoxr.

The pictures enciosed in ths section are indicative of the test resultis.



o

{

-12-

v V. T o
a'n'/pr rYesz

¢
. \
J'/,na/ s Q
Ao 6785 g
1t
|
3
iy
~ — NN
A
¢
e tre ArVvaesr
de SF/6
|
A s e dos
T T
Ar 02
|

-0k

Couel/or

- o
At e

4
eNL | =~
K} - Fc
My f
013 1
| Foser Atrer
¥ 4o 43/ A
B
é _Ge
Q \. So0c Ly-arrvy
% }§ el @,
Ui
L e})
|
‘l
INR
LERN
3
\
A/ er
L.8 /8/28 &¢
Ao €20

Figwe U4.1. Closed Loop Test Block Dingrmm



L o] i N—

T D G136 wety L

® 133wS

AS

H

‘DNt ‘SIWGIVROEVY
AS0I0HNIAL IIVES

No +~ 3Jenoil

s

WYYOYIA D078

ISTT AL
ruul

—

¥YOIVIAIQ w

n3 w

u.'lil..all!ll

i
5

WOXINOW
NONSIATTIIX
N3IZEOs-1Mds

Oua;w

o3qia

'
i

f

¥3IALEOINW ~

NOISIATTIL w

YOIVINAOK3Ia m

HDOT-ISVHE |
1S :

BILIYIANOCD NMOA JOOT ¢

m n.ﬂ

nao |
NDIS |
7o
f

INanN1 07
\

N30 10dN1O7 .
..?zo@
WILEIANOD NMOG

| —
1
j m
¥
HI 1713 ICEF LT ¥
i i esvd
.Mw‘u\mnw {-axve
299 | [ oD%
L)
ssvda
-aNve |f _ I
20% f
1M1
ﬂﬂuh:ﬂ!<1

MS|

moo._w

mbuh HJ&-.GH_




OFATA TYNIOTYO ANV JOOT INVELNI-TY HONOWHI AL QUVEZAIM 40 MOILVINISIYd NLHHDS LTTdS

OVONO -

L
N
R

YOOGS .uua._.w& ;
ANVALINS -3 .

YNIDINO

¢



OEATIA TYNIDI¥NO QNV dOOT

INVELNZ-FY HONOWHI AL (HVEIAIN J0 NOTIVINISHYd NIH¥0S ITIdS

BWOLDld | | | m.u:...u&, _
RLLILET= ANvAINS-3 | ®

L,




CEAIA TYNIODIMO

aNV

BBOLDe INnL2id
v

dO0T INVELNI-TY HDNOYHL AL JNVEICIM 40 NOIILVINESEYd NIRMIS LIIdS

=

[

~ LNVAINS-32




IR mm———!—gm

V. DOWN CONVERTER DEVELOPMENT

&he down~-converter for the re-entrant TWT syse: is required to convert
signels in the band 5.925 ge ~ 6.425 ge to the frequency band 3.7 ge - 4.2 ge,
by meeans of a local oscilletor of 10,125 gc.) While conversion gain or sligl ™
conversion loss may be desirsble, conversion loss in the vicinity of 7 to 10 db.
are deemed acceptable, with the restriction thet the conversion _oss be flat 4o
sbout 0.2 db over any 50 Mc interval in the band. A desirable feature for the
diplexer interface is for the converter to have the lnput and output signals
avallable at a common port.

To ahieve conversion gain or slight conversion loss (about 1 db), a variable
capacitance diode is needed; if larger conversion losses are accepted, ordinary
variable resistance mixer diodes can be used. During this pericd, down-converter
development efforts have included investigation of varactors, tunnel diodes and
variable resistance diodes. Because of the wideband requirement, sensitive matcl -
ing problems presented by varsctors, instabilities of tunnel diodes assoclated wich
wideband mstching and uniqueness of rf to rf conversion, it was decided to concen-
trate on a veriable reslstance downe-converter to provide for re-entrant loop
evaluation. If time permits, development effort on the varactor down converter
will be continued in parallel with the transponder evalustion and will be incorp-
orated into the final transponder if successful.,

Varactor Down-Converter

The breadboard varactor down-converter, as reported in the monthly reports,
wag narrowband and lts galr was sensitive to mechanical vibrations. An attempt
was made to integrate the stripline filters and the down-converter with relatively
little improvement ir the bandwidth of the converter. A completely stable varac-
tor duwne-converter ylelded a bandwidth of 30 Mc with 12 db of 19s8. The downe
converter is basically a parametric amplifier with the output at the idler fre-
quency. Hence, it is very sensitive to impedance mismatch between the converter's
resonant clrcults and the diplexer Junction, which can produce large losses and
narrowband performance, Figure 5-1 shows the gain versus pusp power for the bread-
boaxrd converter. The sensitivity of the gain with pump power was magnified as a
result of the large initial insertion loss caused by the impedance interactions.

-17-
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Tunnel Diode Downconverter

To overcome the bandwidth problems of a direct coupled varactor converter,
a tunnel diode converter was investigated. Two tunnel dloaes were purchased from
Micro State Electronics Corporation.

The stability of the tunnel dicde dovm-converter is a major problem due to
{he high frequencies involived and the requirement of & broadband impedance match
much in excess of the two frequency bands of interest. The high cutoff freguency
diodes are very susceptible to low power burnout. Thus, any unwented oscillations
are sufficient to destroy the diode before the frequency of oscillation is determined
and the circuit changed. This happened to both the purchase units in the converter
and the tunnel diode test circuit. Further investigation indicated that this fre-
quently happened with the high cutoff dicdes. Thus,it is felt that the tunnel
diode down-converter is sufficiently difficult to stabilize such that a consider-
able study program would be required, which vould be beyond the scope of this
program.

Variable Resistance Down-Converter

The following dlscussion presents some semiquantatitive computations in order to
suggest the design approaeches taken. An equivalent circuit for a mixer diode, to-
gether with typical element values is given by:

o LYY
LAM0hy RS0 Y
7 b # c(v)
in cpN'S of R(v) : ~0.5 pf
[

Figure 5.2 Mixer Diode Equivalent Circuit

Because of the non-liﬁegr bebavior of the diode, an exact solution for zi n
is quite involved and will depend upon the drive level of the local oscillator,
nonlinearity of R(v), etc. However,it is felt that a useful approximation can
be achieved by: .

1) Assuming C(v) to have a constant vulue close to its average value.

2) Assuming R(v) to be either an open circuit (diode back biased and non-
conducting) or a short circuit (ddode forwasrd biased and conducting).

3) Computing Zin(od for R(v)= oo and Zin(O) for KR(v)= O and then assuming

B0 ¢ Byp(00) + 2, (0).
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The diode 2 in’ computed as indicated above, is plotted in Figure 5-3.
The resistive component is approximately 36 ohms in the 4 to 6 gec range and
the reactive component is capacitive and in the order of 25 to 35 ohms over
the same frequency rauge.

The capacitive reactance can be tured out with a shorted transmission
line, lese than § in length, in series with the dlode and the iaput-output
pert. This is the most direct approach and as indicated by Figure S5-k, it
appears feasible for a single series line to give an acceptable match over
the entire interval of 3.7 to 6.425 ge.

Another more involved approech, is to atiempt to match only the frequency
intervels of interest (i.e., 3.7 to 4.2 gc and 5.925 to 6.425 gc) without
regard for mismatch outside these intervals. This case arises when a coaxial
high~pass filter is employed to isolate the input-output signals from the local
oscillator source. The impedance presented by this filter at the diode can
exhibit an anti-resonance at a frequency between the range of interest (say
at 5 gc), when a match is established at the input-output frequency bands with
the aid of an auxiliary shorted tranemission line in series with the diode.
The reactance curves and block diagram for this approach are shown in Figure 5-5.

Breadboerd models of the down-converters suggested by Figures 5-4 and 5-5
were constructed. (me breadboard converter consisted of a Junction between
50 ohm coaxial line and X-band waveguide. A sliding waveguide short opposite
the local oscillator signal and a coaxiul sliding short oupposite the input-
output port was used to match the diode to the input-output circuit. Unfortu-
pately, the wideband match to the input-output signals predicted by Figure S5~k
vas not observed. This was possibly due to effects of the coax-wavegulde
Junction and prevention by the diode package itself of placing the coexial
short as close as necessary to the semiconductor element of the diode. With
more work this approaech may give a broadband match. However, efforts were
concentrated on the breadboard realization of Figure 5-5 described below, since
it initielly exhibited more promise.

The breadboard suggested by Figure 5-5 consists of a mixer diode coaxially
mounted in the center conductor, & low impedance series tuning line concentric
with the outer conductor, an. . capacitively coupled 8 pole high-pass filter.
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The data obtained on the device is shown in Figure 5-6. Conversion loss
ranged from 6 db to 9.5 db over the 3.7 to 4.2 output frequency band. Also
shown in Figure 5-6 is VSWR data and a curve formed by adding the reflection
losses at the ocutput frequencies and their corresponding input frequencies to
an assumed 4 db crystal conversion loss which is sdpermposed on the measwred
conversion loss data.

Similar results were obtained for several diodes of the 1N&15 and 1N416
types. The data shown in Figure 5-6 was taken with a 500 ohm resistor in
the dc return for self-biasing of the diode, vhich then required 4 to 8 milli-
watts of local oecillator power to yield the lowest conversion loss. When
the biasing resistor was replaced with a direct short, the conversion loss
increased by 1/2 db, while the reguired local oscillator power dropped by
3 db.

A prototype model of the all coaxial converter has been constructed, as
shown in Figure 5-7, and present efforts are directed towards a flat wideband
response. In eddition, work on the waveguide-ccax Junction convertex‘fl shown
in Figure 5-8, will continue in parallel.
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VI. PROGRAM FOR NEXT QUARTER

The effort for the fourth and final quarter will include the following:

H

Completion of down-converter development
Completion of intermodulstion analysis
Empirical evaluation of the Re-entrant amplifier
Completion of Re-entrant transponder

Empirical evaluation of total transponder
Analytical evaluation of empirical results
Package breadboard transponder

Specification, drawing end equipment release
Initiate finsl report.

O OO 3 O\ & W N
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APPENDIX A

INTERFERENCE BETWEEN PM WAVES

In most of the preceding analysis of interference we required
an expression for the interference spectrum which appears at baseband.
That is, since the transmission objectives for th relay are stated in
terms of equivalent noise falling in the worst baseband telephone channel,
we must know the interierence spectrum both to determine the worst
channel and to compute the interference noise. In this Appendix we develop
formulas for the spectral density of the interference at baseband and
indicate a method for the nractical computation of the interference

products which is due to Curtie,

The sum of two phr.se-modulated waver is
A, cos [wlt + g () + “1] + A, cos [wzt e, (0 + az]

in which Al’ AZ’ wy and w, are consténts. a. and az are random

1
variables, each uniformly distributed on [-‘n, w], and ¢l (t) and ¢Z(t) -
are assumed to be sample functions of two independent wide-sense
stationary 7Jaussian random processes having zero means. The sum can

be expressed in the well-known alternative form
A (t) cos [wl,t voag o+ a4 e(t)’_] , )

where 4:1 (t) is now assumed to be the desired information-bearing
signal and, for AZ/AI <<]l,

‘ A
oy = xf' sin [fwy = @)t + @+ $(0 = ¢ ()] (2)

where a = az - cl,
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After perfect limiting and phase detection, the output signal is
a, ¢+ ¢ (tl) + 6(t). The power spectral density of this composite
random process can be found, if it exists, a» the Four.er transform of

the covariance function of the process.

For the baseband power spectrum to exist, the procegs must be
at least second-order stationary. We examine the first mean of the

process a, + ¢l {t) + ©(t) for stationarity:

Ea, + Eél(t) + E@

E[ e, + ¢ {8 + 0(1)] )

E @ (t)

A A .
Exiz— sin [(wz-wl)t + a4 ¢z(t)

- 40 ]

A . .
-xi‘- E sin [Aut + ¢2 - ¢1JE cos a

“+

E cos (Dwt + ¢z- ¢1) E singa

"

0 sinceEcosa :: E sina = 0.

Note that wy - Wy han been redefined as Aw. The desired process is

therefore at least first order stationary.

Since the first mean of the process is zero, the covariance

function and the autocorrelation function are identical. Therefor~,
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R(‘l' tz)
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Efa) +¢()+ O(tl)] [al + g (ty) + 9{t))]

E &) (t) ¢, (t)) + E¢) (1) 0 (t;)) + E ¢, (t,) 0 (1))

+E0 ()0 (t,) + E alZ (3)

R“’[ (tl'tZ) + R¢1 g(tl, tz) + Rg(p1 (tl, tz)

2

+ Rg (tl' tz) + Eczl

gince Ec¢ = 0 and a is independent.of «g»l (t} and @(t). The first

term is the autocorrelation function of the desired information process
¢1 (t) and it should be noted that Rq’l (t:l ) tz) = R'bl (tl - tz) = Rél (v},

because ¢l (t) is asguined stationary. The remaining terms represent

various forms of distortion due to the interfering signal. The cross-

correlation terms take the form

\

A
E ¢1 (tl) I% sin[Ath +a + 4’2 (tz) - 4’1 (tz):]

A

Xj— Ecos aE 4)1 (tl) sin[Autz + «pz(tz) - ¢1 (tZ)]

A" f ‘\'um?r. . -
-A—-‘;- E sin ¢ E i«pl (tl) cos LAth t e ('tz) - 4:1 (tZ)]

That is, the processes q)l (t) and O (t) are uncorrelated. The naly

distortion term is therefore RG (tl ' tz). This term may be cvaluated

as follows:
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2 "
A
RQ (tl. tZ) = (A—Z) K < 8in [A‘,.;t1 + a + ¢2(tl) - 1»1 (tl)]
sin [Awt, + @+ 4,0, - ¢ ()]

L (A2
7 lx=) Eqcos (Aur+ a¢, -4a¢) (4)

]

cos [Am(t1 )+ o2e 4 E¢2 - 2¢i]f

4

1A"‘ZE Aw? + A Ad
ZT; cos (Awr ¢2- l)

inwhich v =t -t,, A¢-= ¢(t) - olt,)), T¢ = ) + ot
The last result (4) can be conveniently evaluated by noting that

2)

Ecos (AwT + Ad, - A¢)) = 36297 E exp (A$,)E exp(-ia ¢)

+ et 89 By (-1, E exp (144

1 idwt .. , S
=2-e1 w Mp(il, -il) M, (-i1, i1)

1 _-1lAwt L . .
5 e w My (-il, i) M, (L, -i1)

M (i, <i1) M, (i1, -i1) cos AwrT

(5)

In the above, the joint characteristic function of the random variables
¢(t1) and ¢(tz) has deen introduced:

MV, iV,) = Eexpi [v1 #ty) + V, ety)]

Nerw el me e o
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. , 2 . .
For Gaussian random variables with zero means and variances

2 2
0'1'0’25

MGV, iV

fl

2) €xp - % Lo'lzvlz + ququvl V2 + 022 sz] )

and

M1, -i1l) = exp - o°(1-p) = exp - [R(o) - R{7) :]

Finally, then, we have for the distortion .erm,

R = 5 i 2 ' R a 6
gl = = 7‘-1- exp - | R(o) - R(1) | cos dw T, (6)

where R (1) = Ri(r) + RZ(T) and R1 (7)., RZ (r) are the autocorrela-

tion functions of the processes "'l {ty, %, {t) .

The autocorrelation function of the random phase process of the
equivalent carrier has therefore been shown to be stationary. Further-
more, the desired phase information ¢»l (t) and the phase distortion 0 (t)
have been shown to be uncorrelated processes. The autocorrelation

function of the phase output or baseband signal is R¢ {(v) + R9 {r).
1

The one-sided spectral intensity of the interference can now be found as

the Fourier transform of hg (7).

1

w
W (f) 4 [ Re(-r) cos2nfr d«
o

A 2 (0]
2 -R (o) [ R (1) S
2 Xl— e J e cos AwT cos 2 nfy dv (7
o

#
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Thus, in principle, if the autocorrelation functior. of the baseband
processes ¢l (t} and ¢Z (t) are known the spectrum of the interference
as manifested at baseband can be calculated from (7). However, a more
practical method of calculating the interference spectrum will now be

demonstrated.

If two phase-modulating signals are tpl (t) and "’2 (t) and their

autocorrelation functions are R¢ (r) and R¢ (7)., Stewart® has shown
) 2

. 1
that the autocorrelation function of the modulated signal is
2 "
R(t) = -Az— co8 wT e [Rlb (o) - p‘fb (7)_l {8)

It can be seen, therefore, that by multiplying the autocorrelation

functions of the RF signals one obtains

2,2
AIAZ

—g— 08w T cosw, ¥ e R (0 R (7

R, (1) R, (7)

2,2
AIAZ

R, (TR, (7)

i

e"'R(O) eR({)[Cos Aw‘f + cos (wl + wz) ‘r:l, (9)

where R (1) R¢l (v) + R¢Z(T) .

If ‘we take (9) to be a new aurocorrelation function, and solve for

the power spectrum, we find

AZAZ o
wi(f) = ""12"2' / e RO R(™ g Aur cos 2miT a7
o
o

+ —— / c-R(o) eRV(T) cos(wl + “’2) tcos 2w frdr (10)

o]

- .
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If the desired carrier power is normalized to unity AIZ/Z =1}, then
the first term of {10) is seen tc be just the result achieved in (7) for the
power spectrum of the baseband interference. The second term yields

that portion of the power spectrumn located at the frequency

(w1 + wz)/z‘"'

which is of no interest in the baseband interference problem and may be
disregarded. The importance of this result is that it allows the calcula~
tion of the baseband interference spectrum by the convolution of the

spectra of the RF signals as demonstrated.

FOOTNOTES
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